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Abstract. The elastic and transition electromagnetic form factors of mesons 
are investigated within a light-front constituent quark model. The general for- 
mulae for the space-like matrix elements of the one-body component of the 
electromagnetic current, including both Dirac and Pauli form factors of the 
constituent quarks, are presented. Our results for the pion charge form fac- 
tor and the Trp transition form factor are reported and compared with those 
obtained within various relativistic approaches in a range of values of the four- 
momentum transfer accessible to CEBAF. 

The investigation of elastic and transition electromagnetic (e.m.) form factors 
of mesons has recently received a renewed interest, because measurements of 
the pion and kaon charge form factors, as well as of the electroproduction 
cross section of vector mesons off the nucleon, are planned at CEBAF [1]. 
The aim of this contribution is to address the calculation of meson e.m. form 
factors, adopting the constituent quark (CQ) model for the description of the 
meson structure and the Hamiltonian light-front formalism [2] for a Poincare- 
covariant treatment of the CQ degrees of freedom. For space-like values of the 
four-momentum transfer, all the relevant formulae needed for the calculation of 
the matrix elements of the one-body component of the e.m. current, including 
both Dirac and Pauli form factors for the CQ's, will be presented. Moreover, 
the results of our calculations of the pion charge form factor and of the 7rp 
transition form factor will be reported and compared with those obtained from 
various relativistic approaches at momentum transfers accessible to CEBAF. 

As is well known (cf. [2]), the light-front formalism allows an exact sepa- 
ration in momentum space between the center of mass and intrisic wave func- 
tions; therefore, in what follows, we will focus on the intrisic part of the meson 
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wave function. Let us remind that the intrinsic light-front kinematical vari- 
ables are k± = pq± — ^P±_ and ^ = p'^ / P'^ , where the subscript _L indicates 
the projection perpendicular to the spin quantization axis, defined by the vec- 
tor n = (0, 0, 1), and the plus component of a 4-vector p = (p°,p) is given by 
p"'" = p° + n • p; eventually, P = (P"*", Pl) = Pq + Pq is the total light-front 
momentum of the meson. Omitting for simplicity the colour degrees of freedom, 
the requirement of Poincare covariance for the intrinsic wave function {i'i>\JM) 
of a meson with angular momentum J and projection M implies 



{i^i>\JM) 



(1) 
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where are the CQ spin variables; 

l/2)Mo + (ml - m?.)l2Mo- = {ml + 



kl 



2 



■JM 



0; 



ml)/2Mo; = {ml + kl)/i + {m\ 

A{kui) = Mo[l - K - m\flM^]l^i{l - i). In Eq. (1) wi^^k) 
SiMi ^L5j(^^) ^IjMl (^) {LMijSMs \ J M), where L is the orbital angular mo- 
mentum, Ylml the usual spherical harmonics and w'^^gj{k'^) the radial wave 
function of the given {LSJ) channell. Moreover, the momentum-dependent 
spin factor R^^^ is defined as: R^^^ {k_L,i;iyp) = Ei.v' (^^I-^mC^-L . ^. ™9)|i^'> 
{p\R]^{—k_i,l — ^,mg)|z^') (^i/'^i/'lSMs), where the 2x2 irreducible repre- 
sentation of the generalized Melosh rotation [3] reads as follows 



{iy'\RM{kL,i,m)\iy) = xl- 



m + ^Mo — icr ■ {h X k) 
y/{m + ^Mo)^ +kl 



(2) 



with Xf being the two-component Pauli spinor and cr = {ci, (T2, (T3) the usual 
Pauli matrices. Defining ctq as the identity 2x2 matrix, the spin factor R^^^ 
can be cast in the following form 



1 3 



(3) 



a=0 



where the quantities a^^^{k±,^) are explicitly given by 



' = -ki{X, + Xg)/D 
a°° = 
' = i{X,X,--kl)/D 
'° = ik2{X, + X^)/D 
-- {X,X,--kl)/V2D 
-k_{Xg- Xg)/V2D 

ik_{Xg+Xg)/V2D 
-{XgXg+kl)/V2D 



kl)/D 
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ik2{Xq 



-ki{X,-X,-)/D 

{XgXg-kl)/V2D 
k+{Xg-Xg)/V2D 

ik+{Xq + Xq)lV2D 

(AgAg 



k\ )lV2D 



where D 
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k\) (A| + k\)- Xq = mq+ iMo; A, = + (1 - i)MQ and 



k± = kl ± ik2- 
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The one-body component of the e.m. current operator is given by 



2mjj 



(5) 



where = —q ■ q is the squared four-momentum transfer; F^''\q^) and 
F2''\Q'^) are the Dirac and Pauli CQ form factors, respectively (normalized 
as F^'^\o) = eq, i^j^'CO) = i^qj with and Kg being the charge and anomalous 
magnetic moment of the CQ). Within the light-front formalism, all the space- 
like invariant form factors of a hadron can be determined using only the matrix 
elements of the plus component of the e.m. current operator, evaluated in 
a frame where g+ = 0; the latter choice allows to suppress the contribution of 
the pair creation from the vacuum [4]. Thus, using Eqs. (1-5) and performing 
simple traces involving Pauli matrices, one gets 

{J'M'\I+\JM) = F^^\q^) H^P{J'M',JM-Q^) (6) 

J=9,9 /3 = 1,2 

with 

h['\j'M', JM; Q^) = I dk^di ^A{k^,OAik\,0 (7) 

SMs S'Mg, a=0 

Hi'\j'M',JM;Q') = -:^ [ dk^di JA{k^,OA{k\,0 (8) 
E-iM.(fe) E ^s^^if^') {^Aaf'''-\k'uOr ai'^'^HkuO + 

SMs S'Mg, 

where 6q = i; 6q = —i; k' ± = k± + (1 — ^)q_L for j = q and k' ± = k± — for 
j = q. Eqs. (6-8) represent our final result, since in terms of them any elastic 
or transition form factor involving mesons can be calculated. As a matter of 
fact, we have applied Eqs. (6-8) to the calculation of the elastic form factors 
of pseudoscalar [5] and vector [6] mesons, as well as of the 7rp and ttw [7] 
transition form factors. In what follows we will focus on the charge form factor 
of the pion, F-j^ (C^^) , and on the form factor corresponding to the radiative 
transition 7r"^7* p"^, F.j^p^Q'^). One has 

F4Q^) = i^i(^)(Q2)ffi(00,00;Q2) + i^f )(Q2)ff2(00,00;Q2) (9) 

F.piQ') = ^[Fi'\Q')H^{n,00;Q') + Fi'\Q')H2{n,00;Q')] (10) 
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are the isoscalar and isovector parts of the u and d CQ 

and F^J\q^) 



where F^^^^ 

form factors, given by Pi^XQ"^) = 3[Fi"'\Q^) + Fi'^\Q^ 
= Fi^\Q^) - F^\q'^). Eqs. (9-10) have been calculated adopting the eigen- 
functions of a light-front mass operator, constructed from the effective qq 
Hamiltonian of Ref. [8] and using a simple parametrization for the CQ form 
factors (see, for more details, [7]). In Fig. 1 the results of our calculations are 
reported and compared with the predictions of a simple Vector Meson Domi- 
nance {VMD) model (i.e., F^'^°{Q^) = 1/(1 + Q^/M^), with Mp being the 
p-meson mass), the results of the Bethe-Salpeter {BS) approach of Refs. [9, 10] 
and those obtained in Refs. [11, 12] using QCD sum rule techniques. It can be 
seen that the differences among the theoretical calculations of the pion form 
factor are quite small, so that the existing pion data do not discriminate among 
various models of the pion structure. On the contrary, the differences among 
various relativistic calculations of the 7rp transition form factor are quite size- 
able at > 1 {GeV/cY; therefore, the measurement of JVp((5^) could help in 
discriminating among various models of the meson structure. 
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Figure 1. a) The elastic form factor of the pion (Eq. (9)), times , vs. . Our 
results, obtained using for wjoo the wave function of Ref. [8] and considering the CQ 
form factors of Ref . [7], are represented by the solid line. The dotted, dot-dashed and 
dashed lines correspond to the predictions of a simple VMD model (p-meson pole 
only), the BS approach of Ref. [9] and the QCD sum rule technique of Ref. [11], 
respectively, b) The form factor of the radiative transition tt'^ 'y* — > p"*" (Eq. (10)), 
times Q^ , vs. Q^ . The solid line correspond to our results, obtained using for wjoo 
and Wqii the wave functions of Ref. [8] and considering the same CQ form factors as 
in (a). The dotted, dot-dashed and dashed lines correspond to the predictions of a 
simple VMD model (p-meson pole only), the BS approach of Ref . [10] and the QCD 
sum rule technique of Ref . [12], respectively. (After Ref. [7]). 



In conclusion, the elastic and transition electromagnetic form factors of 
mesons have been investigated within a light-front constituent quark model. 
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All the relevant formulae needed for the calculation of the space-like matrix 
elements of the one-body component of the electromagnetic current, includ- 
ing both Dirac and Pauli form factors of the constituent quarks, have been 
presented. Our results obtained for the pion charge form factor and the 7rp 
transition form factor have been compared with those resulting from various 
relativistic approaches, showing that the measurements of meson form factors 
planned at CEBAF could help in discriminating among different models of 
the meson structure. 
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